Pheneric variation within Eum(vpt11s barberi l.. Johnson & Bb.xdl was examined and compared to related Tasmanian species. "Typical" northern populations were morphologically distincr from the more diverse group of populations to the south. This phenetic disjunction did not correspond rn the major geographic disjunction in the range of E. barheri. Di:railed study of rwo morphologically aberrant populations indicati:d that thi:y probably arose from ;,, situ hybridisation; however, the exact identities of the progenitor species remains unclear. The type locality and several of tbc ·'southern" populations, as wdl as abi:rra nr populations at Meredith Tier and Ponybottom Crci:k, deser v e formal conservation.
INTRODUCTION
The past environment of the cast coast is less \veil understood than thar of other regions of Tasmania (e.g. southwestern Tasm ania, MacPhail & Colhoun 1985) . In addition, the Eastern Tiers have received little botanical study until relatively recently (Duncan et aL 1981 , Kirkpatrick 1981 . Kirkpatrick & Brown (19846) suggested that the geographic and habitat patterns of many species on the east coast result from lim ited radiation from separate glacial rcfugia. Their study of endemism in Tasmania suggested two centres of endemism on the east coast, implying at least two past glacial refugia (Kirkpatrick & Brown 19846) .
Euca!ypts in this region exhibit inreresting biogeograph ic and genetic patterns of uncertain origin. These include unexplained north-south range disj unctions (e.g. Euca(vptus ten uiramiJ· - Wiltshire et a!. 1991 ), absences f r om apparently suitable habitats in the northeastern mountains (E cocci jera, E umigen1, E. subc r enulata and E johnstonii -Pons J 990), and the unlikely presence of high-altitude species on low-altitude hills (E coccifen1 -Sha\-v et al. 1984) .
In add ition, species that are morphologically and ecologically distinct in the southeast appear to converge in both morphology and substrate preference in the east (E. pulchella, E amygdalina and E tenuiramis - Kirkpatrick & Brown 1984b) . Other species exhibit marked genetic di fferentiation between eastern and southeastern populations (e.g. E cordata -Potts 1989) , and patches comprising individuals outside the typical phcnorypic range of currcnrly described species are regularly encountered (e.g. Potts 1989 , Potts & Reid 1985b) .
The present study examines population differentiation in the rare Tasmanian endemic E. barberi, that is distributed as a series of small, disjunct populations on the east coast of Tasmania (Ki rkpatrick 1981 , P ry or & Briggs 1981 . In addition, several small, variable populations with some affi nity ro E. ba rheri are examined. E. b11rheri is restricted to the northern slopes of dry, low-alrirudc, dolerite ridges, most of which are unreserved crow n or private land (Duncan l 989) . E barberi was first di:scribed informally by Barber (1 954). It was fornu!ly described by Johnson & Blaxell (1972) , who considered rhat ir had obvious affinities to E. ovata, E. camphora and E yarraensis and therefore placed it in the in formal subseries Ovatinae (series Ovatae, section Maidenaria, subgenus Sy mphyomyrtus) of Pr y or & Johnson (1971) . Ladigcs et a/. (1 981, 1984) included one population in phylogenetically oriented studies of juvenile and seedling characters within the series. Chippendale (1988) has si nce redefined the series Fo veolatae, which also includes E. ag1, rega ta, E. rodwayi and E. brookeriana (Gray 1979) . The affinities of E. barberi to other Tasmanian Foveolatae species are also examined.
MATERIALS AND METHODS

Sam pling
Sites were chosen that encompassed the full geographic range ofE barberi ( fig. 1, table 1 Atypical phenotypes with some affinities to E. barberi grow at Meredith Tier (sites 10-1 1) and Ponybottom Creek (sites 12-13). At Meredith Tier, samples were located along a transect (4-8 trees from each of 7 sires) to capture a distinct spatial gradient of atypical phenotypes over about I km. Eleven trees were also sampled from an isolated stand, wirh apparent affinities to E. barberi, l km away (sire 6) . There was no evident spacial pattern of phenotypes at Po nybottom Creek. Consequently ten trees were sampled, in each of three subjective classes:
(1 ) narrow green fo liage, resembling E barberi (sire 12), (2) glaucous, broad-leaved phenotypes with apparent affi nities to E. gunnii or E. corda ta (site 13), and (3) phenotypes intermediate benveen these extremes. Nine trees were sampled f r om the nearest population v, rith affinities to E. barberi (Ringrove Razo rback, site 9), 1.5 km a\vay. A range of eastern populations of E. cordata, E. gurmii, E. archeri, E. johnstonii and E. subcrenulata were sampled, including those proximal to rhc Meredith Tier (sites 10-11) and Ponybottom Creek (sites 12-13) sites, because some atypical phenotypes showed affinities to these species. Adult data from previous studies were also used for E. gunnii, E. archeri (Porrs & Reid 1985b ) and E. cordata (Ports 1989) .
Open-pollinated seed, as well as three typical, mature canopy leaves and capsules, was collected from up to 13 trees, at least two tree-heights apart, from each E. barberi population (see rable 1, AP).
Progeny trial
Seeds were germinated on a 1: (1-4) For analysis of the Meredith Tier and Ponybonom Creek samples, quadratic discriminant functions \vere calculated for both adult and juvenile data sets, which maximised the separation between C)'pical populations of E. barberi (sites 1-5,7-8), E gunnii (sites 34-38) and E cordata (sites 25-32) . The latter procedure takes into account the differences in variance/covariance structures between species. Mean discriminant scores and 95% confidence intervals for individuals from the reference groups were calculated. Discriminant scores for individuals from Meredith Tier (sites 10-11 and intermediates) and Ponybottom Creek (sites 12-13-and imermediates) were also calculated on rhe two discriminant functions derived from this analysis.
In order to determine whether an individual fa.lls within the range of variation encompassed by each reference species (E barberi, E gunnii, E. cordata), the generalised distance of each individual tree from the centroid of each species, and irs significance were calculated according to equations 5.1 and 5.2b in Orl6ci (1978), using separate variancecovariance matrices for each species (and equal sample sil'"es). For each of the three reference species, the proportions of adult individuals in each population that matched the reference species phenotype \vcrc calculated, as \vcl! as the proponion of individuals \vhose phenotype did not match any of the three species. \X 1 here there is phenetic overlap benveen species, some individuals may fall within the 95% confidence intervals of more than one species; hence, the proportions may sum to more than 100%. In the juveniles, only the proportion that matched the phenotype of E. barberi was calculated, since samples sizes of juvenile E gurmii and E cordata 'were insufficient to represent the species' full phenetic ranges.
RESULTS
The mean scores of the series Foveolatae populations on the first t\vo discriminant axes derived from the adult and juvenile dau are shovm in figure 2. Clusters produced from this analysis proved to be subsets of those produced by the al13.lysis including other species (fIg. 3) .
E. barberi (sites 1-9) and green samples from Meredith fig. 3 ), but equidistant and distinct from other species in juvenile morphology. On juvenile morphology, E barberi populations fell into nvo distinct groups: sites 1-5 and sites 6-9,10,12 ( fig. 3 ). These correspond geographically to a northern and a southern group (fig. 1 ). In the cluster analysis, which incorporates a larger proportion of variation than the ordination, this pattern is also apparent in the adults (fig. 3 ). Southern populations (sites 6-9, 10, 12) exhibited greater variation in adult than juvenile morphology. In particular, the green samples vvith apparent affinities to E barbn'i from Meredith Tier (sites 6, 10) and Ponybottom Creek (site 12) were separated from other southern populations of E barberi (fIg. 3) . The northern and southern E barberi populations differed in capsule traits (larger, more pedicellate capsules in southern populations), and seedlings from southern populations retained the juvenile foliage longer than northern populations (expressed as higher node offlrst intranode and petiole; fig. 2 ).
At Meredith Tier (sites [10] [11] and Ponybottom Creek (sites 12-13), phenotypes varied from narrow, green-leaved individuals \virh seven medium-sized fruit per umbel, typical of E barberi, to individuals with broad, glaucous leaves and three large Fruit per umbel, resembling E cordata. The 
FIG. 4 -Plots o[adults (upper) andjuveniles (lower) from Meredith Tier (left) and Ponybottom Creek (right) on the ([Xes derived
from the discriminant analysis of typical Eucalyptus barberi, E. cordata and E. gunnii samples. The percentage of variance represented b)' each discriminant fUnction is shown. Ellipses represent the 95% confidence intervals for individuals of the three refirence species . • -green adults resembling E. barbcri (upper), and theirjuvenile progeny (lower). 0 -glaucous adults and their juvenile progeny. +intermediate adults and their juvenile progeny.
slightly isolated populations at Meredith Tier (site 6) and Ringrove Razorback (sire 9) resembled E barberi in leaf characters, but varied in bud number, from three to seven per umbel. E. gunnii, which occurs in the vicinity of the Meredith Tier population, has narrow adult leaves similar to E. barberi, but has three small buds per umbel.
Samples from Meredith Tier and Ponybottom
Creek were ordinated in the discriminant space differentiating core populations of E barberi, E cordata and E gunnii ( fig. 4) . Overlap of the juvenile discriminant scores of the reference E cordata and E gunnii populations (fIg. 4, ellipses) indicates that these species were less distiner from one another in the juvenile than adult stages. Tests of the significance of the generalised distance between individuals and the centroids of the three reference species are shown in table 3. It is expected, in theory, that 95% of typical species' samples would not differ significanrly from the corresponding reference group. In this case, 93-] 00% of adults of the three species and 88% of E barberi juveniles were correctly classified. There was some overlap in the ranges of E barberi and E gunnii adults, with 8-10% of adults of both species falling within the 95% confidence intervals of the other speCJes.
The pattern observed for the reference populations contrasts markedly with the classification results from the anomalous populations at Meredith Tier and Ponybottom Creek. Most adults from Meredith Tier fell outside the 95% confidence intervals of 211 three reference species; 50% overall and 88% of the glaucous individuals were outside the confldence intervals of all the reference species (table 3) .
Those that did match were similar to E. barberi and E gunnii in approximately equal proportions (39% and 30% respectively) and, overall, the Meredith Tier population showed similarities to E. gunnii in the cluster analysis ( fig. 3 ).
The adults from Meredith Tier deviated slightly toward, but were not within the phenotypic range of E cordata (fig.  4) . A large proportion of the juveniles from Meredith Tier were also outside the ranges of all three reference species and most were intermediate between the reference species ( fig. 4 ). Cluster analysis of the juveniles placed the green sample from Meredith Tier (site 10) as an outlier to the E barberi populations and the glaucous sample (site 11) closest to E. gunnii (fig. 3) .
In the full multidimensional space, 82% of the Ponybottom Creek adults were outside the 95% confidence intervals of all three reference species (table 3) , with a small proportion of the remainder ascribed to each species. The green individuals (sire 12) were divided between E. barberi (30%) and E. gunrlii (40%). Only one individual from the intermediate and glaucous (sire 13) samples matched a reference species (E cordata), but the glaucous individuals appeared closest to the E. cordata populations in the cluster analysis ( fig. 3) , and were very close to the adult phenotype of E. cordata (fig. 4) 
. A greater proportion of Ponybottom
Creek juveniles matched the phenotype of E barberi (36%) compared with the adults (9%, table 3 ). Most juveniles appeared intermediate between E barberi and E gunnii, but there was overlap with, and deviation toward the phenotypic range of E. cordata (fig. 3 ).
The range of variants observed in the juvenile progeny from both Meredith Tier and Ponybottom Creek (from all phenotypic classes collected) and the intermediate phenotypes of the parents strongly suggested parental heterozygosity rather than simple outcrossing. For example, recombination of leaf shape and glaucousness was very apparent in progeny of one intermediate individual from Meredith Tier.
DISCUSSION
Significant differentiation, in both adult and juvenile characters, was found between most populations of E. barbo·i. A seedling trial dearly indicated that this differentiation has a strong genetic basis. There appeared to be a primary division between a northern group of populations that may be designated "typical" E. barberi and other, southern, populations which deviated toward the phenotype of other species (fig. 1 ). There was no clear clinal or consistent spatial pattern of variation within each group. The "typical" group comprised populations from Cherry Tree Hill (sites 3-4), Brushy Creek (site 5) and the vicinity of Blindburn Creek (sites 1-2, in the Doughs-Apsley National Park). Within this group, phenetic distance was poorly correlated with geographic distance.
The southern group comprised E barberi populations from Ravensdale Hill (site 8), 1.5 km south of Lily Flats (site 7) and the green phenotypes resembling E. barberi from Meredith Tier (6, 10), Ponybottom Creek (site 12) and Ringrove Razorback (site 9). Some southern populations showed affinities to juvenile E. rodwa),i but were quite distinct on adult traits. Conversely, several of the southern populations (sites 6, 10, 12) showed affinities toward E. gunnii in their adult morphology ( fig. 3 ) but were clearly differentiated from E gunnii and E archeri on juvenile morphology. In most cases, they would also have been differentiated from these species on the basis of the number of buds per inflorescence, which was not included in the analysis (and was greater than the typical three of E gurmii and E archen). They, therefore, appear to have closest afflnities to E. barberi.
The high level of population differentiation found within E. barberi is typical of the population genetic structure that would be predicted by theory for a species distributed as a series of small disjunct populations (due to factors such as genetic drift -Falconer 1986) and has been observed in other eucalypt species \'o'ith comparable distribution patterns (e.g. E caesia, E pendens- Moran & Hopper 1987; E. crucis -Sampson et aL 1988) . Prober et aL (1990) suggest that such restricted distributions may result from recent divergence (with insufficient time for geographical radiation), barriers to dispersal (e.g. unsuitability of habitat, competition), or contraction of the range of an older species due to environmental factors (e.g. habitat specificity, climatic change). In this case, the degree and pattern of phenetic differentiation between E barberi populations and the large disjunctions in its geographical range support Williams' (1990) contention that E. harberi is not a recently diverged species. E. barberi appears to be a relic species and has possibly been displaced from intervening sites by competition v</ith more rapidly growing species.
It is only possible to speculate on the cause of differentiation in E. barberi. Genetic drift, localised selection, hybridisation and historical factors may all be involved. Kirkpatrick & Brown (1984a, b) and Potts & Reid (1985c) suggested that the present east coast Hora may have originated from populations which differentiated in two glacial refugia. Such separation could explain differentiation of the northern and southern populations of E. barberi. However, the disjunct distribution of E barberi does not appear to have been caused by insufficient time for radiation, as the major disjunction in the geographical distribution of E barberi does not correspond to the phenetic disjunction ( fig. 1 ). This contrasts with the coincidence of marked genetic dificremiation with geographic disjunction in E. tenuiramis in the same area (Wiltshire et al. 1992) . Disjunctions in the geographical distribution of E. barberi may not be as extensive as is shown by current records. Paucity of sampling may have occurred, due to the small population sizes (and area), inaccessibility and small size of the trees. There are, for examp!c, un~erified reports of other populations west of Triabunna (between sites 12-13 and site 8). "Confusing intermediacy" (Kirkpatrick & Brown 1984b ) is an apt description of the Meredith Tier and Ponybottom Creek populations. At both sites, the panern of high diversity and intermediacy of parents and progeny, coupled with the high variability within some families, was consistent with a hybrid swarm, several generations old (e.g. Potts & Reid 1985a) . The magnitude of the differences between exrreme phenotypes was strongly suggestive of hybridisation, as was the distribution of extreme phenotypes at Meredith Tier. Although this may have been produced by disruptive selection from the gene pool of 011t' species, 110 selective agency of sufficient magniwde was evident, panicularly at Ponybottom Creek. At both localities, trees with close affinities to E. barberi appeared to be one of the parents.
The exact identity of the other parent remains unclear. E. cordata, E gunnii and possibly F. morrisbyi are the only plausible extant species. E. morrisb),i was not included in the progeny trial because of its extremely limited distribution (Wiltshire et aL 1990) , and rhe fact rhat irs juveniles would be difficult to distinguish from E. gunnii in hybrid combination (e.g. Potts 1989) . At both Meredith Tier and Ponybottom Creek, extreme phenotypes did not resemble other members of the Foveolatae, and the involvement of E. johnstonii or E subcrenulata, which Ius been reponed from near Ponybottom Creek and on the Eastern Tiers (BrO\vn et aL 1983), is unlikely, as the juveniles of these taxa are clearly differentiated from those of E. barberi and popularions at Meredith Tier and Ponybottom Creek (fig. 3) .
The unusual characteristics of the laner populations may have resulted from hybridisation between atypical populations of the species suggested. Such small, atypical populations of both E. cordata (Pons 1989 ) and E. gunn£i (Pons & Reid 1985b) are numerous on the cast coast and are still being found (e.g. E. cordata near Wielangta Hill, bet\veen site 12-13 and site 8). However, it remains to be ascertained \vhether the variation found at Meredith Tier and Ponybottom Creek and the deviation of these populations from typical E. barberi are due to past introgression or reflect genetic variation within E. barberi at these localities. Molecular techniques may best be able to resolve the identity of these populations.
Conservation status
At present one, albeit relatively large population ofE. barberi is securely ·reserved, in the Douglas-Apsley National Park (sites 1-2). Another of the norrhern populations (Brushy Creek, site 5) is in the proposed Blucmans Creek state reserve (Williams 1989 ). Other populations, including the type localicy (site 4), are unreserved. The type locality also contains other rare species (Spyridium miaoph}!llum, HelidllJ,sum 0!COpodioides, Melaleuca pustulala, Cyathodes pendulosa and Gahnia graminifolia - Duncan & Duncan 1984) and has been previously recommended for reservation (Duncan & Brown 1985) .
There is a need to extend conservation measures to encompass the full range of variability in this species. In particular, the type locality, representatives of the southern phenetic group (e.g. "south of Lily flats" -site 7; "Ravensdale Hill" -sire 8) and outlying populations such as Meredith Tier (sites 6, 10-11), Ringrove Razorback (site 9) and Ponvbonom Creek (site 12-13) should be formallv reserved.
The'latter populations are also of scientiflc interest..' E barberi populations arc generally small, particularly the southern populations (table 1) , which would argue for reservation of multiple representatives oreach of the major phenetic groups.
